Abstract. Recently, it was reported
More importantly, the inferred relationship between Vv and J is found to be more complicated than previously thought.
In particular, it now appears that SSC-F events may be separable into two groups, based on the value of J: a low-J group (J< 56) , in which lit varies directly with J, and a high-J group (J> 56) , in which Vx varies inversely with J. As a whole, high-J events are associated with shocks of higher average transit velocity than those of low-J events, and SSC-F events with shocks of higher average transit velocity than those of SSC-EF events. Further, high-J events tend to be of greater X-ray class (>M3), longer duration (> 80 min), and are more likely to be associated with type II/IV radio emission (9 of 12) than Iow-J events. They also tend to occur in magnetically complex (gamma/delta configuration) active regions (10 of 12) that are large in areal extent (area > 445 millionths of a solar hemisphere) on the day of flaring (9 of 12). Of the 9 solar proton events that affected the Earth's environment that were found to be associated with SSC-F events, six were high-J events. Concerning "geoeffectiveness", there appears to be no preferential relationship between the value of the J-parameter and the most negative value of the Dst geomagnetic index Dst (min) following the SSC, which is found to usually occur at 6-14h after SSC onset (18 of 26) and which ranged in value from -1 to -249 (having a median value of about -75). Of the 26 SSC-F events, only 14 can be associated with a Dst(min)< -75, and of these only 7 were high-J events. Of the 14 storm-related events (i.e. Dst(min)<-75), three have previously been identified as being either "'magnetic clouds" or "bidirectional flows", both manifestations of earthward-directed coronal mass ejections (CMEs). Superposed epoch analyses of selected solar wind parameters and Dst during the interval of storm-related SSC-F events demonstrate that geoeffective SSC-F events tend to be associated with solar wind flows that are faster, greater in magnetic field strength, and have a rotating field which has a strong southward component shortly after SSC onset, in comparison to SSC-F events that do not have Dst(min)< -75. Therefore, it is inferred that geoeffective SSC-F events are probably fast earthward-directed CMEs. Although no single parameter is found that can serve as a predictor of high-skill level for determining the geoeffectiveness of an SSC-F event prior to its occurrence at Earth, one finds that knowledge of the flare's hemispheric location and appearance or lack of appearance of a two-ribbon structure is sufficient to correctly postdict the geoeffectiveness of 20 out of 25 of the SSC-F events (80%). Surprisingly, the association or lack of association of metric type II/IV radio emission 442 optical counterparts) that appeared to be well correlated with the occurrences of storm sudden commencements (SSCs) at Earth. In particular, Eselevich compared the inferred transit velocity Vv of the interplanetary shock wave to the size Lf of the eruptive filament for the SSCeruptive filament associated events (hereafter denoted SSC-EF) and to the value of the so-called J-parameter for the SSC-flare associated events (hereafter denoted SSC-F), where the J-parameter is computed as the product of the maximum intensity Im (i.e. X-ray class based on I-8 A emission) and the square of the time width of X-ray emission r 2 and is expressed in units of 106W m-2h -2 (cf. Eselevich, 1990) . His major findings were that the inferred transit velocity of the shock wave correlates positively both against the size of the filament for the SSC-EF events and against the value of the J-parameter for the SSC-F events. The importance of Eselevich's work is that, provided that the inferred statistical associations are real, one might then be able to better predict the timing of SSC onset at Earth, given either the size of the eruptive filament or the value of the flare's J-parameter (cf. Joselyn, 1995) . Unfortunately, Eselevich did not adequately describe the statistical significance of his results by means of simple statistical testing, nor did he address the question of the "geoeffectiveness" of the events as related to the strength of the ensuing geomagnetic storm, if, in fact, any even occurred and, in particular, the relation of these events to manifestations of coronal mass ejections (CMEs) at Earth.
The purpose of this study is to address these pertinent issues regarding the Eselevich events.
Analysis and results

Statistical aspects of the Eselevich events
Recall that in his analysis of SSC events, Eselevich (1994) considered the time interval August 1978 -December 1980 and January 1986-February 1992, as well as a single event date in January 1977 from Cane et al. (1986a) . According to Eselevich, 153 SSCs were found in the interval. Of these, 47 could be associated with either a particular eruptive filament (21 events) or a particular flare (26 events). Table 1 lists the 21 eruptive  filaments  outside active regions studied by Eselevich (1994) . In addition to the event date (shown in the second column, under the heading "eruptive filament") which identifies each event by yr mo-day/UT, the location of the event (third column) in north-south, east-west solar coordinates is given as are the effective distance from Sun center _b in degrees, the size of the filament Lc in degrees, and the transit velocity Vv for the shock in km s-_. The circled event numbers denote those events with shock waves at 1 AU coincident with the arrival of the heliospheric current sheet HCS. Of the 21 eruptives, 7 occurred in the northern hemisphere and 14 in the southern hemisphere, and 9 occurred in the eastern hemisphere and 12 in the western hemisphere. Neither distribution of north-south or east-west events displays a statistically significant asymmetry, so that the distributions appear to be the result of chance. Similarly, Table 2 lists the 26 flares studied by Eselevich (1994) . As in Table 1 , the event date is given as yr-mo-R. M. Wilson: Interplanetary shocks and solar active processes day/UT (under the heading "H_ flare") and its location in solar coordinates (third column). Also, the Ha flare importance, the computed value of the J-parameter, and Vr, all extracted directly from Eselevich, are given. To the right are ancillary data taken from appropriate issues of SOLAR GEOPHYSICAL DATA (SGD, published by the National Geophysical and Solar-Terrestrial Data Center, NOAA, Boulder, CO 80303, U.S.A.). The ancillary data include, in part, the class (XRC) and duration of the associated X-ray flare in minutes, where the duration is the time from event start to its end (which normally is the time when the X-ray flux level decays to a point halfway between the maximum observed flux and the preflare Xray background level). They also include the identification of those events that have associated occurrences of metric type II and/or 1V radio emission, solar proton events at Earth, and a two-ribbon flare structure. Each proton event is identified by the letter P followed by the peak proton flux in proton flux units, where l pfu = 1 proton cm :s _sr _ (recall that proton fluxes are integral 5min averages for energies >10MeV at geosynchronous orbit and that the start of a proton event is defined to be the first of three consecutive data points with fluxes > I 0 pfu). Two-ribbon flare structure is denoted by the letter u (from its flare annotated symbol as used in the SGD). Lastly, the ancillary data include the daily area and magnetic class of the active region from which the flare emanated, where the area a is expressed as the corrected area of the sunspot group in millionths of the solar hemisphere and the magnetic class is the Mount Wilson magnetic classification (where B denotes beta--a bipolar spot configuration, BG beta-gamma--a mixture of polarities in a dominantly bipolar configuration, D delta--opposite polarity umbrae within single penumbra, BD beta_telta a beta with a delta configuration, and BGD beta gamma_delta--a beta-gamma with a delta configuration).
As before, the circled events denote those events with shock waves at I AU coincident with the arrival of the HCS. Lf is the size of the filament in degrees; and V T is the transit velocity in km s-1. Events 1, 2, 5, 7, 8, 9, 10, 11, 12, 16, and 17 are located, respectively, 30, 40, 10, 30, 27, 7, 3, 0, 93, 22 , and 18 degrees from a neutral line (according to Eselevich, 1994) . the HCS ; north south and east west events, to determine whether or not asymmetry exists; and J>56 and J<56 events (the basis for this subdivision will become obvious later). Table 4 gives the results of hypothesis testing (Lapin, 1978, p. 486) for inferring the significance of the difference of the means for the two comparison groups. The basis for this test is the t statistic for independent samples. When the confidence level (el) is below 90%, a _'no" is shown ; when 90% _<c1<95%, it is marked "marginally";
and when cl _ 95%, a "yes" is shown for the significance. 
NOTE:
Circled event numbers denote events with shock waves at 1 AU coincident with the arrival of the heliospheric current sheet. J is expressed in units of 106Wm-2h2; V T in km s-l; XR dur. in minutes;
P in proton flux units; and a in millionths of the solar hemisphere. Events 3, 4, 5, 12, 16, 20, and 26 are located, respectively, 5, 15, 28, 40, 15, 25 , and 10 degrees from a neutral line (according to Eselevich, 1994) . Table 4 ). The regression lines are drawn for the SSC-F events, based on the presumed separation of J into two classes.
The "9eoeffectiveness" of the SSC-flare associated events
For brevity sake, examination of the "geoeffectiveness" of the Eselevich events will be limited to an examination of the SSC-F events only. From the previous section, it was shown that Eselevich's SSC-F events display strong preferential linear relationships between the transit velocity of the shock and the value of the J-parameter for the associated X-ray flare. Thus, using the value of the Jparameter as a predictor, it is perceived that one can better estimate the transit speed of the associated shock, thus leading to a better determination for the shock's onset time at Earth. While this appears quite useful, it remains to be seen whether or not the SSC-F events typically are "geoeffective" (i.e. associated with increases in geomagnetic activity). This section will address this important issue as it relates to the SSC-F events.
Recall that early studies have shown that SSCs are often associated with large flares and active filaments (e.g. Chao and Lepping, 1974 ; Cane, 1985 ; Cane et al., 1986a : Eselevich et al., 1988 Tang et al., 1989) . More recently, however, evidence has accumulated linking the SSC (and associated geomagnetic activity) to the passage of CMEs at Earth (e.g. Sheeley et al., 1985; Gosling et al., 1987 Gosling et al., , 1990 Gosling et al., , 1991 Wilson, 1987 Wilson, , 1988 Wilson, , 1990 Gosling, 1990; Kahler et al., 1984 ; Webb and Hundhausen, 1987 ; Hundhausen, 1988 ; Harrison and Sime, 1989; Harrison, 1991; Kahler, 1992; Feynman and Hundhausen, 1994) . This shift of emphasis from flare/eruptive prominence to CME as the primary driver for transients in the solar wind (and associated geomagnetic activity) has certainly not gone without controversy (e.g. Gosling, 1993 , 1995a ,b, Cliver, 1995a Hudson et al., 1995; Pudovkin, 1995) . Eselevich's SSC-F events (Table 2) , thus, may offer insight concerning these matters. Table 6 identifies the 26 SSC-F events and the value of the daily Ap geomagnetic index for the 7 days following each H_ flare occurrence, where day 0 refers to the date of the H_ flare. The H_ flare occurrence date (yr-mo da/UT) and the SSC occurrence date (mo_zla/h) were taken directly from Eselevich (1994), as was the value of the J-parameter associated with each event. The Ap daily values were taken from appropriate issues of SGD. The asterisk (*) denotes the dates of occurrences of the SSCs relative to the occurrences of the associated H_ flares.
Similarly, Table 7 shows the variation of daily Ap value for the 26 SSC-F events relative to SSC occurrence, where day 0 now refers to the date of SSC onset (see Table 6 ). The vertical bar shown with each average value represents the _+ l-sigma range for the computed mean value (i.e. < Ap> +s/n _2, where n is the number of events in the sample, here equal to 26, and s the sample standard deviation). Again, it is apparent that geomagnetic activity (based on the Ap index) tends to be greater 2 3 days following the H:_ flare and on the day of and day following shock onset at Earth. Thus. enhanced geomagnetic activity is construed to be associated with the passage at Earth of SSCs, something realized for sometime (e.g. Akasofu and Chapman, 1972; Patel, 1977) .
While geomagnetic activity tends to be greater on the day of and the day following SSC onset, it is apparent (from Tables 6 and 7 ) that every event did not produce a geomagnetic storm. Recall, that (based on the Ap index) when Ap<7, the geomagnetic environment is characterized as "'quiet": when 8_<Ap_< 15. it is "'unsettled": when 16_< Ap_< 29, it is "'active" : when 3(1 < Ap_< 49, it is a "Minor storm": when 50_<Ap<99, it is a "'Major storm", and when Ap_> 100, it is a "'severe storm". Of'the 26 SSC-F events, only 17 had Ap_>30 either on the day of or the day following SSC onset. Thus, for 17 out oflhe 26 events, the geomagnetic environment was at storm levels either on the day of or the day following SSC onset. From the binomial formula (Lapin, 1978, p. 164) , one easily computes the probability of obtaining an Ap>_ 30 either on the day of or the day following an SSC onset for >_ 17 of the 26 SSC-F events to be 8.4%, an interesting 1  28  50  109  ll  13  2  40  8  17  8  4  3  52  10  53  22  I1  4  12  13  27  13  30  5  355  4  34  26  14  6  460  9  22  27  9  7  36  3  16  tl  10  8  120  7  28  18  17  9  27  15  79  21  26  10  14  19  11  26  13  I1  53  11  15  9  15  12  14  25  37  13  30  13  240  18  24  31  19  14  90  49  50  34  15  15  230  15  55  14  22  16  37  14  44  39  71  17  56  8  14  6  t7  18  300  11  16  28  19  19  280  10  50  30  35  20  18  64  99  38  45  21  43  89  70  79  9  22  144  6  63  15  6  23  175  12  52  74  60  24  190  7  68  117  19  25  52  20  28  134  75  26  470  8  37 Nos. 1, 3, 9, 12, 16, 20, 21, and 25) . Thus, taken together, there appears to be no real statistically significant preferential relationship between the occurrence of storm conditions at Earth (i.e. Ap>30) and the J-value for the associated flare. The probability of obtaining the observed distribution, or one more suggestive of a departure from independence (chance), is computed to be P = 29.6%. Hence, high J-value alone should not be perceived to be indicative of a flare that will be "geoeffective", a finding supporting the contention of Eselevich et al. (1988) .
An alternate index to the Ap index is the Dst geomagnetic index, related to the equatorial ring current in the Earth's magnetosphere and useful for identifying geo- NOTE: Asterisk (*) means on SSC -occurrence date (0) or the following day (+1). Fig. 3 . 2 x 2 contingency table analysis of Ap and J for the SSC-F events. See text for details magnetic storms (Wilson, 1987 (Wilson, , 1990 . Table 8 tabulates the 26 SSC-F events, identifying the value of the Jparameter (for completeness), the maximum daily Ap value, Ap(max), registered either oil the day of SSC onset (denoted 0) or the following day (denoted I), and the minimum hourly Dst value, Dst(min), during the 24h interval following SSC onset, where the number of hours elapsed since SSC onset is identified in parentheses. The minimum Dst is defined here as the largest negative excursion in the Dst index during the interval of consideration. A comments column is included which notes the five events that had a slightly more negative Dst(min) value at a later time (i.e. within a 36h interval following SSC onset). The Dst(min) values were taken from appropriate issues of SGD. Figure 4 displays the scatter plot of Dst(min) versus Ap(max). The vertical and horizontal lines represent the median values of the two parameters. A 2 x 2 contingency table analysis suggests that the two parameters are strongly related, in that, the probability of obtaining the observed distribution, or one more suggestive of a departure from independence, is computed to be P = 0.002%. Thus, high values of Ap(max) (i.e. Ap(max)>40) tend to associate with large negative Dst(min) (i.e. Dst (min) _<-75) and, conversely, low values of Ap(max) tend to associate with small negative Dst(min). The five events that had later occurring more negative Dst(min) 45O with the passage of "magnetic clouds" and "bidirectional solar wind flows" (Wilson, 1987 (Wilson, , 1988 (Wilson, , 1990 Marsden et al., 1987; Gosling et al., 1990 Gosling et al., , 1991 Gosling, 1990 : Richardson, 1994 , perhaps, suggesting that the primary driver for the transient geomagnetic activity is a fast earthward-directed CM E. King (1989), and King and Papitashvili (1994) . Extreme values are available for all events except Nos. 8 (temperature) and 25 (magnetic field strength and B: direction). Figure 7 depicts the scatter plots of Dst(min) against each of the plasma and field parametric extremes tabulated in Table 9 . Given for each scatter plot is the result ofa 2 × 2 contingency (In Fig. I Further, metric type II and/or IV radio emission is less strongly associated with the low-J group as compared to the high-J group, with 7 of 14 low-J events being associated with metric type II and/or IV radio emission as compared to 9 of 12 high-Jevents being associated with metric type I! and/or IV radio emission. Both low-and high-J events tend to be associated with two-ribbon Ha flares (recall the u designation) in equal proportions: exactly 7 of 14 Iow-Jevents and 6 of 12 high-Jevents. Low-J events tend to occur in active regions that are smaller in area and less magnetically complex on the day of the flare than high-J events:
SSC -Flare Associated Events (26)
8 of 12 low-J events came from active regions with area a<445 millionths of the solar hemisphere as compared to 9 of 12 high-J events that came from regions ofa > 445 millionths of the solar hemisphere ; and 7 of 12 low-J events came from active regions of less magnetic complexity (beta) as compared to I0 of 12 high-J events that came from regions of greater magnetic complexity (i.e. variations of gamma/delta configurations). Thus, the bifurcation of the VT versus J relationship may be a product of the differences noted here between lowand high-Jevents and may be indicative of different shockproducing mechanisms in the two groups. Certainly, the latter noted differences between low-and high-J events, regarding area and magnetic complexity of the active region on the day of flaring, suggests a direct link to changes of the magnetic field within the regions (i.e. shear or emerging flux; cf. Zirin, 1990; Feynman and Martin, 1995) .
Another interesting aspect of the present study is that 9 out of the 26 SSC-F events were also solar proton events (SPEs) that affected the Earth's environment, with the bulk (6 of 9) being associated with high-J events. Of the high-J events, half (6 of 12) gave rise to SPEs. Figure 8 displays 2 x 2 contingency tables, comparing J grouping against the various ancillary data listings (recall Table 2 ). Given is the probability of obtaining the observed result, or one more suggestive of a departure from independence (chance), based upon Fisher's exact test for 2 x 2 contingency tables. Of the various parameters that might suggest meaningful relationships with J-value, only the duration of the X-ray flare and the area and magnetic complexity of the spot group on the day of flaring seem to be statistically interesting. The X-ray class of the flare is found to be only of marginal statistical significance.
Geo_ffbctiveness
Concerning the "geoeffectiveness" of the SSC-F events, it was noted that all of the events, except Nos. 17 and 21, had Dst(min) several hours after SSC onset, being associated with the solar wind structure behind the shock rather than with the passage of the shock itself. Figure 9 illustrates the behavior of selected solar wind parameters and the behavior of the Dst index during the interval of 24h before to 36h following SSC onset for these two events.
The The SSC associated with event No. 21 occurred during the recovery phase of the preceding storm. In terms of the plasma and field parameters, the structure associated with event No. 21 is quite benign, barely attaining a magnetic field strength in excess of 10 gammas and displaying low temperature and northward B_. Because of the northward B:, the Dst continued to become more positive in value. Hence, Dst(min) was observed at SSC onset when the Dst index was in recovery phase from a preceding storm rather than later during the event. The behavior that was seen in the encounter of the interplanetary structure associated with event No. 21 (an SF/MI flare at N09W17), again, is arguably like that which one might expect for a magnetic cloud that arrives at Earth with northward B: (with the complicating condition that storm recovery is presently underway).
(Neither event Nos. 17 or 21 was coincident with the HCS, according to Eselevich (1994) .) Klein and Burlaga, 1982 ; Marsden et al., 1987 ; Gosling, 1990) .
The solar wind and geomagnetic conditions associated with the passage of event No. 9 are displayed in the central panels. Event No. 9 is known to be a magnetic cloud (Zhang and Burlaga, 1988 ; Wilson, 1990 Gosling et al., 1987 ; Marsden et al., 1987) and event No. I is also listed as a magnetic cloud (Zhang and Burlaga, 1988; Wilson, 1990) . those that were found to be geoeffective (comprised of the 14 events that had Dst(min) < -75 and depicted using the heavy line in all panels) and those that were not (comprised of 12 events and depicted using the thin line in all panels).
Shown Eselevich (1990) to be indicative of events that can give rise to SSCs) that will most likely generate geomagnetic storms. Unfortunately, there is no one-to-one descriptor that is presently known that can do this. Based on J, it was shown that high-J events tend to be associated with Ap(max)> 30 (9 of 12 events; recall Fig. 3 ). However, in general, Ap(max) > 30 associates equally with both low-J and high-J events, in terms of Dst(min), the association between Dst(min) < -75 occurrences and high-J events is weaker with only 7 of 12 high-J events being termed "geoeffective"
and with all geoeffective SSC-F events being equally split between events of high-J and low-J value (see Fig. 5 ). So, while the value of J may give a better estimate for the timing of SSC onset (from Fig. 1 Eselevich (1994) .)
A comparison of the occurrence or lack of occurrence of specific observable parameters associated with each flare against the geoeffectiveness of the events is shown in Fig. 14 . Of all the parameters listed in Table 2 , only five appear possibly useful for prediction purposes. These of a solar hemisphere and, of these, 9 were geoeffective. Of the 12 that had el_<445, 7 were nongeoeffective.
Thus, given a flare of J>_ 7 and the areal extent of the region from which the flare emanated, one might have been able to correctly predict the occurrence or lack of occurrence of a storm in 16 of 24 events (67%).
Following this approach, one would have predicted event No. 9 to be geoeffective, but not event No. 1. Because sometimes a small flare can be associated with J_> 7, an important parameter regarding its ability to generate a storm should be the duration of the X-ray event. Indeed, Fig. 14 illustrates that of the 21 SSC-F events for which the X-ray duration is known, I 1 were of long duration (> 80 min). Of these, 9 were geoeffective. Of the 10 SSC-F events of XR duration _<80min, 6 were nongeoeffective.
Thus, given a flare of J>7 and the X-ray duration of the flare, one might have been able to correctly predict the occurrence or lack of occurrence of a storm in 15 of 21 events (71%).
Surprisingly, one finds that the lack of appearance of a two-ribbon flare structure (u) is a better predictor for geoeffectiveness than having it. Of the 26 SSC-F events, 14 had the two-ribbon flare structure. Of these, 9 were nongeoeffective. Of the 12 that did not have the tworibbon flare structure, 9 were geoeffective. Thus, given a flare of J_> 7 and the appearance or lack of appearance of two-ribbon flare structure, one might have been able to correctly predict the occurrence or lack of occurrence of a storm in 18 of 26 events (69% (1994) ). All of the events were major flares and all were events of high-J value, except events Nos. 1 I (J = 53) and 20 (J = 18). (See Table 2 for a detailed comparison of observables.) Figure 15 displays the solar wind and geomagnetic conditions m the vicmity of SSC onset for these five peculiar events. Events Nos. 6, 8, and 11 (nongeoeffective events) are depicted in the leftmost panels, while events Nos. 20 and 24 (geoeffective events) are depicted in the rightmost panels. Although the solar wind data are incomplete for some of the events, plainly, the nongeoeffective events were slower and of less magnetic field strength than the geoeffective events. Likewise, the B: component tended to be pointed in the northerly direction and lacked a strong southward rotation, whereas the geoeffective events tended to be pointed in the southerly direction just following SSC onset and showed a strong southward (and northward) rotation, indicative of magnetic cloud/ bidirectional flow events. Based on the observables for these events (Table 2 ), in conjunction with the proposed scheme for determining geoeffectiveness of J>7 events, one must recognize that the strongest indicator for geoeffectiveness is the strength of the southward magnetic field following SSC onset at Earth : hence, one will not be able to correctly predict the geoeffectiveness of these events (with 100% certainty) until one can correctly model the behavior of the structure's internal magnetic field during Earth passage.
Conclusions
The major results of the present study are summarized below:
No preferential relationship is found to exist between the size of the eruptive filament
Lf and the transit speed 
